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ABSTRACT 


A thin-skin thermocouple test was conducted to chtain heat-transfer 
data on the Space Shuttle Integrated Vehicle during the ascent Saas of 
the flight profile. The test model was the 0.0175 escale thin-skin 
thermocouple model (60-OTS) of the Rockwell International Vehicle 5 
configuration. The test was conducted in Tunnel A at nominal Mach nume 
vers of 2.5, 3-5, 4.5, and 5.5, and @ free-stream unit Reynolds number 
of 5 million per ft. Heat-transfer data were obtained for angles of 
attack of 0, +5, and 10 deg and yaw angles of 0, 3, and 6 deg. The 
Integrated Vehicle model was tested with the external tank configured 
with both a smooth ogive nose and an ogive hose with 4 spherical nose 
tip (nipple nose). The remainder of the test was conducted with the 
external tank installed alone in the tunnel. ‘The testing required 56 
hours of tunnel occurancy from March 30 through April 2 and May 20 
through 21, 1975. Results of the test are presented in this report. 
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INTRODUCTION 


The present tests were conducted to obtain heat-transfer-rate data 
on the Space Shuttle Integrated Vehicle at simulated ascent flight condi- 
tions. The components of the vehicle produce a complex flow field with 
many shock interactions. Although progress has been made in analyzing 
shock interference heating, experimental data are still relied upon to 
provide vehicle design information. One technique resulting from 
analytical studies is the ratioing of interference heating te undisturbed 
values. During the present tests, the external tank was tested alone so 
that these heating ratios could be constructed and so data quality could 
be confirmed. 

Much of the informatien presented in this report was derived from 


References 1 and 2. 
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ALPHA~SECTOR 
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Cp 
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atv 
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MNEMONTC 


GRIT 


H(TO) 


NOMENCLATURE 


DEFINITION 


constants used to calculate R, defined in 
context 


sting prebend angle, deg. 
tunnel sector angle, deg.. 
model wall thickness, in. 
model wall. specific heat, BIU/lbm-°R 


center of rotation 


derivative of model wall temperature with 
respect to time, °R/sec. 


tine span over which a linear least squares 
curve fit of a (= - Twy 


To - Tw 





v8 ‘ was applied, 
sec. 


code indicating boundary layer transition 
confiruration on model 


heat transfer coefficient in an interference 
flow field, Bru/ft2-sec-R 


reference heat transfer coefficient, based on 


l-foot full scale radius sphere, based on 
Pay-Riddell theory, 


ol a4 e 
8.139 ¥Pox) My’ [1 - Bo/Po,) NEN’ 3, 
BIU /?t?=sec-°R 
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heat transfer coefficient in an undisturbed 
flow field, BYU/ft2-sec-°R 


heat transfer coefficient, q/ [T - Twi, 
BTU/ft®-sec-R 
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NOMENCLATURE (Continued ) 


A(.95 TO) 


H(TAW) 


MACH 


Q(PSI) 


RN/L 


ST FR 


DEFINITION 





heat transfer coefficient, q/[.95T> - Tw 
BTU/tto-sec-°R i is J 


heat transfer coefficient, q/[RT5 - Tw 
prt /Pt?-sec-R » a/[Rto }, 


freestream Mach number 

Mach number at the edge of boundary layer 
orbiter reference length, ih. 

SRB reference length, in. — 

ET reference length, in. 

mated space shuttle vehicle, orbiter, tank, 
and SRB 

stagnation pressure, psia 


stagnation pressure downstream of 4 normal 
shock, psia 


freestream static pressure, psia 
heat transfer rate, BTU/ft°-sec 
freestream dynamic pressure, psi 
recovery factor 

analytical temperature ratio, TAW/T, 


reference nose radius, scaled from 1-foot 
full ecdle, ft 


unit Reynolds number, million per foot 
theoretical stagnation point Stanton number 


for a scaled l-foot full scale radius sphere 
from Fay-Riddell theory, 


heer [32-274 PoVeo (0.2235 + 0.0000135{T% + 560})| 
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NOMEROLATURE (Continued ) 


SYMBOL MNEMONTIC DEFINITION 
SRB solid rocket booster 
t time, sec 
t1, initial time, sec 
7 7 temperature, OR 
Te - temperature at edge of boundary layer, °R 
To TO tunnel stilling chamber temperature, °R 
Tw TW model wall temperature, OR 
TW, initial model wall temperature 
. freestream static temperature, °R 
tT... TAW adiabatic wall temperature, OR 
r/C NO m/c NO thermocouple number 
¥. Vv freestream velocity, ft/sec 
w model wall density, lom/ft> 
Xo XO orbiter longitudinal coordinate, in. 
Xp xs SRB longitudinal coordinate, in. 
Xep xT ET longitudinal coordinate, in. 
X/L X/L longitudinal position as @ fraction of 
fuselage reference length 
Y lateral coordinate, in, 
vertical coordinate, in. 

a ALPHA model angle of attack 

BETA model angle of sideslip 

7 
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NOMENCLATURE (Concluded) 
PLOT 
SYMBOL MNEMONTC DEFINITION 
Y ratio of specific heat of air 
6 local model surface angle to freestream 
flow 
Co) 
Spf BDFLAP body flap deflection angle, deg, 
8. ELEVON elevon deflection angle, deg, 
Sp SPDBRK speedbrake deflection angle, deg. 
ul MU viscosity, lb-sec/fte 
9 RHO density of air, slug/ft2 
> PHI model roll angle, angular location 
coordinate of T/C on model surface, deg. | 
7) yaw angle, deg. 
SUBSCRIPTS | 
i initial condition | 
e local condition at edge of boundary layer ! 
| 
6) orbiter | 
| 
8 SRB : 
T ET 
ow freestream condition | 
8 | 
| | 
; | 
: 
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CONFIGURATIONS INVESTIGATED 


Te test model was a 0.0175-scale, thin akin, thermocouple-equipped 
representation of the Rockwell International Vehicle 5 config»ration of 
the Space Shuttle. Sketches of the model are presented in Figure 2. 
Figure 3 shows photographs ofthe model. The integrated model was composed 
of the orbiter vehicle, external tank, and two solid rocket hooster motors. 

The external tank was designed with two interchangeable nose tip 
configurations. The two nose tip profiles are shown in Figure 2°. The 
smooth nose configuration was an extension of the ogive contour of the 
forward section of the exteznal tank. The nipple nose conf. ura’ 

a spherical nose tip extended from the ogive varts - 

The model was constructed of 17-4 PH etainiess steel. The nominal 
ekin thickness wes 0.030 in. at the instrumented areas. All thermocouples 
were spot-weld-4 to the inner surface of the model and the skin thickn. ss 
was measured at each thermocouple location. 

Boundary-layer trips were designed to be form-fitted to the orbiter 
and the solid rocket boosters. The orbiter and solid rocket booster 
trips consisted of 0.020-in.-dia. stainless steel balls spot-welded to a 
thin, stainless steel band. The trips attached to the orbiter at an 
Xo/lip of 0.04 and on the solid rocket boosters at an X,/L, of 0.019. ‘The 
trip ring on the external tank consisted of a band of No. 36 Carborundum 
grit located at an Xop/ Lop of 0.069. A pictorial view of the trip ring on 
the external tank with the smooth and nipple noses attached is shown in 


Figures 3f and g, respectively. 





CONFIGURATIONS INVESTIGATED ( Continued ) 


The model configurations tested consisted of the external tank elone 


with either the smooth nose, Figure 3b, or the nipple nose, Figure 3c. 


installed and all protuberances removed and the integrated model with the 


nipple nose installed on the external tank, Figure 3a. 


recorded for the orbiter model during this test. 


Model componenta were denoted as follows: 


NOTATION ON . MODEL COMPONENT 

TABLE IT AND DESIGNATION USED 

IN DATA __IN TABLE Tit 

Smooth Nose To 

ET Alone 

Nipple Nose Tag 

ET Alone 

ors(1) B6e Cle Ese Frio M16 Rig See Ta8 V8 W127 
ors(2) Be Cro Bsa Fro M76 Rig See Tag Ve W107 
ors(3) Boo Crp Esa Fin Mi6 Rig S22 Tae Ve W127 
o73s(h) Bg Cro Fse Fig Mi6 Rig S22 Ta8 Ve W1e7 
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No data were 


DESCRIPTION 


<E 


Tank alone with 
smooth nose 


Tank alore with 
nippe nose 


Mated vehicle with 
0.020 in. dia.trip 
on orbiter and 
SRB's, no grit on 
tank, nipple nose 
tank 


Mated vehicle with 
NO» 36 grit on EY 
and SRB's, 0.020 
in. balls oa 
orbiter, nipple 
nose tank 


Mated vehicle with 
external stringers 
on interstage unit 
between LOX and 
LH2 lines 9 nipple 
nose tank 


Mated vehicle with 
no boundary layer 
transition device 

on the ET,0.020 in. 
balis on the orbiter 
and SRB,nipple nose 
tank 








' CONFIGURATIONS INVESTIGATED (Concluded) 


fhe grit code indicates the type of boundary layer transition strip 


used as follows: 


GRIT DESCRIPTION 
0) no grit or balls on ET, 0.020 in. balls on 
orbiter and SRB 
1 0.020 in. balls on orbiter , EY, ard SRB 
2 0.031 in. balls on ET, 0.020 in. balls on 
orbiter and SRB 
3 no. 3% grit in 0.25 in. wide strip on orbiter, 
Ef, and SRB 
h 0.020 in. balls on orbiter and SRB, no grit on 
tank 
5 no. 36 grit on EY, 0.020 in. balls on SRB and 


orbiter stringer on interstage unit between 
1OX and LHe lines 


6 no. 36 grit on ET and SRB, 0.020 in. balls on 
orbiter 


1] 














INSTRUMENTATION 


Tunnel #£ stilling chamber pressure was er eT es 15-, 60-, 150-, 
or 300-psid transducer i1eferenced to a near vacuuz. Based on periodic 
comparisons with secondary standards, the uncertainty (a band-width which 
includes 95 percent of the residuals) of these transducers was estimated 
to be within +0.2 perceni of reading or +0.015 psia, whichever was greater. 
Stilling chamber temperature was measured with a copper-constantan ther- 
mocouple with an uncertainty of +3°F based on repeat calibrations. 

The model temperatures were measured with iron-constanten thermo- 
couples with an estimated uncertainty of +0.5 percent. Originally there 
were 837 thermocouples installed on the model. A Beckman) 210 analog- 
to-digital converter was used in conjunction with a CDC 160-A computer to 
record the temperature date. Tables IV and V show the locations of the 
thermocouples utilized during this test. 

The standard Tunnel A instrumentation system is designed to record 
a maximum of 97 thermocouples. To more efficiently accommodate the 
thermocouples on this test additional equipment was installed. A new 
terminal board was fabricated that allowed 291 thermocouples to be con- 
nected at one time. An existing three-position switch was incorporated 
thet was used to select a group of 97 thermocouples to be recorded during 
each modei injection. All the model thermocouple leads were terminated 
at quick-disconnect plugs. These plugs were easily interchanged with 


mating plugs that attached to the terminal board. In this manner, a 


T2 

















- om + ame tome wee 


INSTRUMENTATION (Concluded) 


) pre-selected group of 291 thermocouples could be rapidly connected, and 
i | by varying this hookup it was possible to recore uata from all thermo- 


couples. 
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TEST FACILITY DESCRIPTION 


The AEDC von Karman Facility (VKF) Tunnel A is a continuous, closed- 
circuit, variable density wind tunnel with an automatically driven 
flexible-plate-type nozzle and a 40- by 4O0-in. test section (see Figure 
2c). The tunnel can be operated at Mach numbers from 1.5 to 6 at 
maximum stagnation pressures from 29 to 200 psia, respectively, and 
stagnation temperatures up to 750°R (M = 6). Minimum operating pressures 
range from about one-tenth to one-twentietn of the maximum at each Mach 
number. A description of the tunnel and airflow calibration information 


may be found in the Test Facilities Handbook (Reference 4). 
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TEST PROCEDURE 


The desired model attitude was established prior to injecting the 
model into the flow. When the model reached tunnel centerline, it was 
inimediately translated forward into the undisturbed tunnel flow. The 
thermocouple outputs were scanned approximately 20. times per second 
starting prior to model injection into the airstream and continuing about 
h sec. after the model reached the tunnel centerline. After each injec- 
tion, the model was cooled to an isothermal state using high-pressure 
air. 

Data were obtained at angles of attack of 0, +5, and 10 deg. and yaw 
angles of 0, 3, and 6 deg. Table I summarizes nominal freestream test 
conditions. 

Uncertainties of the basic tunnel parameters were estimated from 
repeat calibrations of the P, and T, instruments and from the repeat- 
ability and uniformity of the tunnel flow during calibrations. The 
parameters, Po, To, and M,~ with their uncertainties, were then used to 
compute the uncertainties in the other parameters dependent on these by 
means of the Taylor series method of error propagation. Table I 


summarizes uncertainties of these parameters. 
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DATA REDUCTION 


fe reduction of thin skin thermocouple data normally involves only 


the calorimetric heat balance which in coefficient form ist 
atw /at 
h(%o) = woe, Ry (1) 


Radiation and conduction losses are neglected in this heat balance, and 


data reduction simply requires evaluation of atw /at from the temperaturé- 


time data and determination of model material properties. For the present 


tests, radiation effects were negligible; however, conduction effects can 


pe significant in several regions of the models. No permit identification 


of these regions, and to improve evaluation of the data, the following 





procedure was used. 


Separation of variables and integration of Eq. (1) assuming constant | 
w, DB, Cp» and T, yields: | 


h(To) To - Tw4 
wb cy (t= ty) © tn | Ro (2) 
Differentiation of Eq. (2) with respect to time gives? : 
n(%) a@ [fo > i , 
ee a tnl (3) : 
wb cy dt T, - Tw | 
| 


Since the left side of Bq. (3) 18 a constant, plotting versus time 


will give a straight line 4¢ conduction is négligible. Thus, deviation 


from a straight line can be interpreted as & conduction effect. 
Te data were evaluated in this manner, and generally a linear pore 


tion of the curve was used for all thermocouples. A linear least-squares 


curve fit of in{(T, - Tw,)/(To - Tw)] versus time was applied to the data. 
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DATA REDUCTION (Continued) 


The value of the initial slope is high when the model is located on the 
turinel centerline in the rear test section. As the model is translated 
forward out of this region into the undisturbed tunnel flow a new linear 
slope is established that is the desired value of d/at fn[() - Tw,)/ a 
(T, - Tw)}]. Generally, for all thermocouples with a value of Xq/Ip less 
than or equal to 0.05 the curve fit was started at the time the model 
reached the tunnel centerline. The curve fit for thermocouples with a 
value of Xip/Tep greater than 0.05 and less than or equal to 0.1 started 

1.0 sec. after the model reached centerline. The curve fit for the 
remaining thermocouples started 2.0 sec. after centerline to ensure that 
the model was clear ox any disturbance in the aft part of the test section. 
The curve fit extended for a time span, which was a function of the 


heating rate, as shown below: 


Range Number of Points 
dTw/dt > 32 5 
16 < atw/dt $ 32 7 
8 «< atw/at $ 16 9 
h < afw/atg 8 13 
2<dtw/ats 4 17 
1 < atw/at $ 2 25 
atw/at < 1 hy 


The above time spans were adequate to keep the evaluation of the 
right side of Eq. (3) within the linear region. The linearity of the fit 


was substantiated by visual inspection of the cases in question. 
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DATA REDUCTION (Continued) 


Strictly speaking, the value of Cp, for the material was not constant, as 
assumed, and the following relation: 

Cp = 0.0797 + (5.556 x 1079)Y, (17-4 PH stainless steel) (4) 
was used with the value of Tw at the midpoint of the curve fit. The 
maximum variation of Cp over the curve fit was less than 1.2 percent. 
The value of density used for 17-4 PH stainless stee was 

w = 480.0 lom/tt> 

The maximum available tunnel stagnation tempereture for each Mach 
nutiber tested is listed in Table I. With these relatively low stagnation 
temperatures, the difference between the model wall temperature and 
recovery temperature was generally small in regions of peak heating. 
This small temperature difference causes the calculation of the heat- 
transfer coefficient to be very sensitive to deviations from the actual 
adiabatic wall temperature. Two values of the heat-transfer coefficient 
have been calculated based on an assumed constant recovery temperature, 
namely h(T,) and h(0.95T9). To account for changes in the recovery 
temperature a third value of the heat-transfer coefficient has been 


tabulated based on an analytical temperature ratio, R = a . 
° 


The analytical methoc for determining R was developed by Rockwell 
International and has been used to calculate h(RTp). In this method, the 


following relationships were assumed: 


: = TAW 
R F (5) 
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DATA REDUCTION (Continued) 


and 
TAW = Te (1+ 25 r Me) (6) 


r = 0.898 for turbulent flow 
with r being the recovery factor and the sulscript e identifying local 
properties at the boundary-layer edge. From these relationships, the 
temperature ratio can be defined as 


2 
L1+09.2 r Me 
R "Ty 0.2 Me (7) 


which is a function of the recovery factor and the local Mach number. 
The local Mach number can be written 

M, = Me (Mx, 8) | (8) 
where o identifies the freestream property and 6 is the local surface 
angle of attack. Standard matrix techniques (see Reference 5) were used 
to derive the following relationship for &. 

§ = arcain (sin 6 cos a + cos @ cos ¢ sin a) 
where 

a = alpha-sector, deg. 

od # roll model + phi, deg. 

6 = local modél deflection angle, deg. 
The edge conditions were computed from M,, and & using the tangent cone 
flow theory. The following relationship was used to calculate the tem- 
perature ratio: 


R(Mey » 8) = a1 (Ma) + ao(My). (ain 8)°3M ee) (9) 


_ * 19 


‘ 
Ramm men 




















DATA REDUCTION (Continued) 


The values of the constants used for this test are: 


Mo §) 8 a3 

= 2.5 0.943 0.1004 2.26 
| 3.5 0.9278 0.1004 2.065 
4.5 0.9183 0.1004 1.870 
5.5 0.913 0.1004 1.695 


The method used to calculate the analytical temperature ratio, R, 
has been applied to all of the tabulated data. The method represents a 
simplified approach to a more realistic evaluation of TAW. However, in 
regions of separated flow or complex interaction, the values calculated 
for R may no longer apply and should be used with extreme care. 

Data obtained using the Rockwell analytical method for determining 
R were used +o calculate interference to undisturbed ratios of thin film 
coefficient as follows: 

h calculated at a given thermocouple location on the 


tank in the mated configuration during a test run at 
a given a, B, and M, 





ae } h calculated at the same thermocouple location on the 

es isolated tank during a test run at the same a, B, 

—— and M. for windward surfaces and at a = 0, 6 = 0 

and matching M, for leeward surfaces 

These data are presented in plotted format in the Data Figures. The 
datasets plotted were modified to rotate all phi's by 180°. Thus, the 
ae top centerline of the external tank is at a phi of 180°. The basic data 

| presented in the Appendix has phi of 0° at the top centerline of the 


external tank. 
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DATA REDUCTION (Coneluded) 
Heat transfer coefficient data was recorded for the external tank 
iy and SRB only. The thermocouple locations used during this test are given 
;: in table IV. 
“| Estimated unce-tainties for the individual terms in Eq. (2) were < 
a used in the Taylor series method of error propagation to obtain uncer- 
_ tainty in values of heat-transfer coefficient as given below: 
ee ; h(To) Uncertainty, percent 
a 10-4 12 
a 1073 ll | 
10-# 9.5 
: | 


t, 

a 4 
o a 
7 i 
a ‘ - 
& t 

; 

i, 
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TABLE I. 
pesvs THI & IHbUA NATE: May, 1975 
TEST CONDITIONS 


NOMINAL CONDITIONS 


















SYAGNATION UNIT REYNOLDS 


TEMPERATURF 
OR 






STAGNATION 
PRESSURE 
(PSIAa) 









Teer, NUMBER 
(pru /SEC-FT°-°R) | (MILLION PER FOOT) 


Approximate uncertainties in tunnel flow parameters are shown as follows ¢ 


M oo 





COMMENTCs (Min chin anode tnetrurented with 8357 fron constantan thermoe- 
coupler. See Inatrumentation. Test Procedure, and Nata Reduc- 
tion for a diseussion of uncertainties. 
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(Continued) 


TABLE II. 


DATA SET/RUN NUMBER COLLATION SUMMARY 





MACH NUMBERS {OR ALTERNATE INDEPENDENT VARIABLE ) 





DATA SET 
IDENTIFIER 


CONFIGURATION 
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TABLE III. MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - Bo 

GENERAL DESCRIPTION: Configuration 140C orbiter fuselage, MCR 200-Rj,. 
Sitilar to 1,0A/B fuselage except aft body revised and improved midbody- 
wing-boot fairing, X, = 940 to X, = 1040. 

MODEL SCALE: 0.0175 


DRAWING NUMBER: VL70-000140C, -000202C, -000205A, VL70-O00200B, -000203 


DIMENSIONS: FULL SCALE MODEL SCALE 

Length (IML: Fwd Sta X_ = 238), in. 1290.3 22.58 
Length (OML: Fwd Sta X, = 235), in. 1293.3 22.63 
Max Width (At X, = 1528.3), in. 2614,.0 4.62 
Max Depth (At X, = 1464), in. 250.0 4.38 
Fineness Ratio 4.899 4.899 
Area, Ft” 

Max. Cross-Sectional 340.885 0.104 

28 | 














TABLE IIT. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: CANOPY = C)5 
GENERAL DESCRIPTION: Configuration 140C orbiter canopy. Vehicle 
cabin No. 31 updated to MCR 200-R4. Used with fuselage By oe 


MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000140C, -000202B, ~000204 





DIMENSIONS: " FULL SCALE MODEL SCALE 
Length (X, = 434.643 to 578), in. 143.357 2.508 
Max Width (At X, = 513.127), in. 152.412 2.667 | 
Max Depth (2, = 501 to 449.39), in. 31.61 0.903 | 
29 
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TABLE IIIT. MODEL DIMENSIONAL DATA (Continued ) 


MODEL COMPONENT: ELEVON - ES 


GENERAL DESCRIPTION: Elevon for configuration 1400. Hingeline at 
X, = 1387, elevon split line X, = 312.5, 6.0", beveled edges, ahd 


centerbodies. 
MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000140C, -006089, =006092 


DIMEWSIONS: FULL SCALE 
Area - Ft 210.0 
Span (equivalent), in. 349.2 
Inb'd equivalent chord, in. 118.0 
Outb'd equivalent chord 55.19 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.2096 

At Outb'd equiv. chord 0.4004 
Sweep Back Angles, degrees 

Leading Edge 0.0 

Hingeline 0.0 


Area Moment (Product of area & c), Ft? 1587.25 








MODEL SCAIZ 
0.064 


2.065 
0.966 





0.2096 
0.4004 


0.0 

~ 10.056 
0.0 
0.008 


1.587 


5 «229 





Mean Aerodynamic Chord., in. 90.7 
Hingeline dihedral (origin at 
Z,, = 261.3509), deg. 5.229 
30 








TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: BODY FLAP - F,, 
GENERAL DESCRIPTION: Configuration 14,0C body flap. Hingeline located 


at X, = 1532, Z = 287. 


MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000140C, -35511, 


DIMENSIONS: FULL SCALE MODEL SCALE 
Length (X, = 1525.5 to X, = 1613), in. 87.50 1.531 
Max Width (At L.E., Xo = 1525.5), in. 256.00 4.480 
Max Depth (X, = 1532), in. 19.798 0.346 
Fineness Ratio 
Area - Ft® 
Max. Cross-Sectional (At H.L.) 35.196 0.011 
Planform 135.00 0.041 
Wetted 
Base (X, = 1613) | 4.89 0.0015 
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TABLE ITI. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: OMS POD = Mig 


GENERAL DESCRIPTION: Configuration 140C orbiter OMS pod = short pod. 


> 


MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-008401, -008410 


DIMENSIONS: FULL SCALE #§ MODEL SCALE 
Length (OMS Fwd Sta X, = 1310.5), in. 258.50 4.524 
Max Width (At Xp = 1511), in. 136.8 2.394 
Max Depth (At Xp = 1511), in. 7.70 1.307 
Fineness Ratio 2.484 2.484 

Area - Ft@ 
Max. Cross-Sectional 58.864 0.018 
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TABLE ITI. MODEL DIMENSIONAL DATA {Continued) 


MODEL COMPONENT: RUDDER - Ryo 

GENERAL DESCRIPTION: Configuration 140C orbiter rudder used on center- 
line vertical tail Vy. 30 deg. bevel and 0.5" gaps betweén rudder 
panels are unsealed. 


MODEL SCALE: 0.0175 
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DRAWING NUMBER: MOR Rev. 7 
DIMENSIONS: FULL SCALE MODEL SCALE 
Area, Ft 100.15 0,031 
Span (equivalent), in. 201.0 3.517 
Inb'd equivalent chord, in. 91.585 1.603 
Outb'd equivalent chord, in. 50.833 0.900 
Ratio movable surface chord/ 
total surface chord 
At Inb'd equiv. chord 0.400 0.400 
At Outb'd equiv. chord 0.400 0.400 
Sweep Back Angles, degrees 
Leading Edge 34.83 34.83 
Trailing Edge 26.25 26.25 
Hingeline 34.83 34.83 
Area Moment (Product of area & c), Ft? 610.92 0,003 
Mean Aerodynamic Chord, in. 73.2 1.281 








TABLE III. MODEL DIMENSIONAL DATA (Continued) 
| MODEL COMPONENT: BOOSTER SOLID ROCKET MOTOR = Soo 
| GENERAL DESCRIPTION: The BSHM is an external propulsion system which 
| : is jettisoned and recoverable after burnout. The BSRM's can be ré~ 
7 furbished and reused after recovery. 
MODEL SCALE: 0.0175 
DRAWING NUMBER: VC77-000002C, VC70-000002A, VC72-000002C 
DIMENSIONS: FULL SCALE MODEL SCALE 
Length 1789.60 31.318 
| Max Width tank diameter, in. 146.00 2.555 
) Max Depth AFT shroud dia., in. 208. 20 3.643 
, Finen: 3 Ratio 8.596 8.596 
| : Area, Ft? 
| F Max. Cross-Sectional 236.423 072k, 
, : Planform 
ia | Wetted 
! 7 Base 
| : WP of BRSM centerline 400.0 
: FS of BSRM nose 743.0 
Re BP of BSiM centerline 250.5 
=<¥ 

















me i 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 
‘MODEL COMPONENT’: EXTERNAL TANK - Toe 
GENERAL DESCRIPTION: Nipple nose external tank 


MODEL SCALE: 0.0175 
DRAWING NUMBER: L72-0001430, VL78-000063 

















DIMENSIONS: FULL SCALE MODEL SCALE 
Max Width 331.00 5.792 | 
{ 
Fineness Ratio 5.572 5.572 | 
Max. Cross-Sectional Area, ft* 594.678 1821 | 
i 
i 
? 
| 
| 
| 
| 
| 
| 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: EXTERNAL TANK = T9 
GENERAL DESCRIPTION: Ogive nose with no nipple (smooth nose) external 
tank 


MODEL SCALE: 0.0175 
DRAWING NUMBER: V1L72-000143D, VL78~000063 





DIMENSIONS: FULL SCALE MODEL SCAIZ 
Length 1844,.275 32.275 
Max Width 331.00 50792 
Fineness Ratio D0d72 50572 
Max. Cross-Sectional Area, ft 594.678 0.1821 
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MODEL COMPONENT: 
GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail 


TABLE ITI. MODEL DIMENSIONAt, DATA (Continued) 


VERTICAL - V 


6 


(identical to configuration 140A/B vertical tail). 


MODEL SCALE: 0.0175 


DRAWING NUMBER: VL70-000140C, -CO0146B 


DIMENSIONS: 
TO? L DATA 


Area (Theo) - Ft 
Planform 


Span (Theo) = In. 
Aspect Ratio 
Rate of Taper 
Taper Ratio 


Sweep Back Angles, Degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 


Chords: 
Root (Theo) WP 
Tip (Theo) WP 
MAC 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


Airfoil Section 
Leading Wedge Angle, deg. 
Trailing Wedge Angle, deg. 
Leading Edge Radius 


Void Areu 
Blanketed Area 


3/7 


FULL SCALE MODEL SCALE 


413.253 

315.72 
1.675 
0.507 
0.404 


45 000 
26.25 
41.13 


268.56 
108.47 
199 81 
1463.35 
635.52 
0.0 


0.127 
9 «350 
1.675 
0.507 
0.404 
4.5 «000 


26.25 
41.13 


4.699 
1.898 














MODEL COMPONENT: WING - Wy9 


GENERAL DESCKIPTION: bantiguration 1400 orbiter wing, 


Similar to 140A/B wing W 16 but with refinements; 
" o Xp = 1040). Elevon split line relocated from 


i midbody fairing (X, = 94 
a Yo = 281 to Yo = 312.5). 


-, 
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= MODEL SCALE: 0.0175 DRAWING NUMBEK: VL70 
os DIMENSIONS: FULL SCALE 
TOTAL DATA 
- Area (Theo.), Ft* 
Planform 2690.00 
Span (Theo), in. 936.68 
Aspect Hatio 2.265 
hate of Taper Lo I77 
Taper Ratio 0.200 
Dihedral Angle, degrees 3.500 
Incidence Angle, degrees 0.500 
Aerodynamic Twist, degrees 3.900 
Sweep Back Angles, degrees 
Leading Edge 45.000 
Trailing Edge - 10.065 
0.25 Element Line 35.209 
. Chords: 
= Root (Theo) B.P.0.0. 689.24 
EAE Tip, (Theo) B.P. 137.85 
ee MAC 474.81 
| W.P. of .25 MAC 290.58 
of B.L. of .25 MAC 182.18 
EXPOSED DATA 
me Area (Theo) Ft? 1751.50 
a Span, (Theo), In. BPLOS 720.68 
vee Aspect Ratio 2.059 
a Taper Ratio 0.245 
es Chords 
a | Root BP108 562.09 
yh Tip 1.00 b/2 137.85 
oe MAC 392.83 
=, Fus. Sta. of .25 MAC 1185.98 
af W.P. of .25 MAC 2944.30 
— B.L. of .25 MAC 251.77 
ss Airfoil Section (Kockwell Mod NASA) 
see " XXXX-64, 
“ Root b/2 = 0.113 
: Tip b/2 = 0.120 
2, Data for (1) of (2) Sides 
: Leading Edge Cuff 
Planform Area, Ft 113.18 
ae Leading Edge Intersects Fus M.L.@ Ste 500,00 
Leading Edge Intersects Wing @ Sta LO024,.0 
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TABLE III. MODEL DIMENSIONAL DATA (Concluded) 
MCR 200-R, ® 
roved wing-boot= 


=0001L400, -000200B 
MODEL SCALE 


0.824 
16.392 
2.265 
1.177 
0.200 
3.500 
0.500 

3,000 


45.000 
- 10.065 
35209 


12.062 
2.412 
8.309 

19.895 
5.085 
3.187 


0.536 
12.612 
2.059 
0.245 


9.837 
2412 
6.875 
20.755 
30500 
4.406 


0.113 
0.120 


0,035 
8.750 
17.920 
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TABLE IV. EXTERNAL TANK THERMOCOUPLE LOCATIONS 







ee SCALE d SKIN 
FROM NOSE . THICKNESS 
(INCHES) (DECREES) (INCHES) 





























TABLE IV. EXTERNAL TANK THERMOCOUPLE LOCATIONS 


(Continued) 

r/c MODEL SALE o SKIN 

X/L XPROM NOSE THICKNESS. 
NO. (INCHES) (DEGREES ) (INCHES) 
642 86 27.7737 0347 
643 87 28 .0966 .0345 
6h4 88 28.4195 0342 
645 .89 28.7425 .0338 
646 .90 29.0655 .0331 
648 : 29.9114 .0305 
649 95 30.6802 .0308 
650 35 11. 3032 0331 
651 36 11.6262 0330 
652 37 11.9491 0331 
653 375 12.1106 0330 
654 12.2721 0330 
655 385 12.4335 -0330 
656 39 12.5950 -0330 
657 395 12.7565 0330 
658 12.918 0329 
659 405 13.0794 .0329 
660 47 13.2409 ~0330 
661 0415 13.4024 .0331 
662 4e 13.5639 0330 
663 425 13.7253 0329 
664 43 13.8868 0 
665 Aly 14.2098 .0328 
6 045 14.5327 0328 
667 455 14.6942 0328 
668 14.8557 .032T 
669 47 15.1786 ) 
670 48 15.5015 .0326 
672 50 16.1475 .0320 
673 60 19.377 0347 
674 70 22.6065 0327 
675 80 25 .836 .0360 
676 85 27.4507 .0352 
677 27-7737 0 
678 87 28 .0966 0345 
679 88 28.4195 0341 
680 89 28.7425 .03 
681 90 29.0655 .0330 
682 91 29.3684 .030 
683 926 29.9114 0 
684 095 30.6 0 








TABLE IV. EXTERNAL TANK THERMOCOUPLE LOCATIONS 





(Continued ) 
t/c MODEL SCALE d SKIN 
X/L XPROM NOSE | fHICKNESS 
NO. (INCHES) (DEGREES ) (INCHES) 
685 ° 33 10.6573 17.0 
686 » 3h 10.9803 ; 
687 35 11.3032 | 
688 - 36 11.6262 
689 -37 11.9491 
690 «375 12.1106 
691 50 16.1475 
692 .60 19.3770 
693 -T0 22.6065 
694 80 25.83% 
695 B87 28.0966 
696 926 29.9114 
697 015 ABlL 29.8 
698 030 : 
699 05 1.6147 
700 O7 2.2606 
701 -10 3.2295 
702 15 b 81:42 
703 .20 6.459 29.8 
70% 30 9.6885 
705 35 _ 11.3032 
706 375 12.1106 
107 -50 16.1475 
7 .60 19.377 
709 «TO 22. y 
710 .80 25.8% 
711 .87 28. 
712 .926 29.9114 
713 .015 4BLy 37.7 
Th -03 ? 
715 05 1.6147 
716 07 2.2606 
T1T 10 3.2295 
718 015 4 .Bhhe 
719 .20 6.459 
720 +30 9.6885 
Tar 35 11.3032 
722 © 373 12.1106 
123 50 16.1875 
72h ~60 19.377 
725 70 22.6065 
726 .80 25 .836 





TABLE IV. EXTERNAL TANK THERMOCOUPLE LOCATIONS 
(Continued 
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T/C 
T2T- 87 
728 926 
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ODEL SCALE ri SKIN 
FROM NOSE THICKNESS 
(INCHES) (DEGREES) (INCHES) 

28.0966 


37-T 


' 


180.0 














TABLE IV. EXTERNAL TANK THERMOCOUPLE LOCA‘ IONS 
(Continued) 


MODEL SCALE 


XFROM NOSE 
(INCHES) (DEGREES) 


8.7196 2h7.5 
9.6885  - 


8.7196 258.0 




















= TABLE IV, EXTERNAL TANK THERMOCOUPLE LOCATIONS 
: (Continued ) 
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APPENDIX 


TABULATED SOURCE DATA 


Note: 
The tabe-listing data presented has phi of 0° at the 


top centerline of the tank. 


Tabulations of plotted data are available on request from Data Management 
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